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Description 
Technical Field 

[0001] This is a related U.S. Patent 5,792,944 titled 
POWER SUPPLY MONITOR AND CONTROL FOR 
MEDICAL INSTRUMENT, U.S. 5,522,255 titled FLUID 
DOSE, FLOW AND COAGULATION SENSOR FOR 
MEDICAL INSTRUMENT, U.S. 5,841,023 titled MAG- 
NETIC SYSTEM FOR MEDICAL INSTRUMENT, EP 
717 838 titled REAGENT AND METHOD OF ITS USE, 
and U.S-5,526,111 titled METHOD AND APPARATUS 
FOR OPERATING A MEDICAL INSTRUMENT, all filed 
on the same date as this application and assigned to the 
same assignee. 

[0002] This invention relates to method and appara- 
tus tor eliminating switching noise produced by, and 
characteristic of, digital control circuitry. It is disclosed 
in the context of digital control circuitry for a blood co- 
agulation Instrument, but is believed to be useful in other 
contexts as well. 

Background Art 

[0003] At present, heater plate controls for blood co- 
agulation testing instruments and the like employ algo- 
rithm-based, proportionaMrrtegrakJerivative (PID) con- 
trollers. These types of controllers employ microcontrol- 
lers (jiC's) which use analog-to-digital (A/D) converted 
heater plate temperature data and a stored PID control 
algorithm to determine and update continuously a cur- 
rent source duty cycle. 

Disclosure of the Invention 

[0004] The present invention provides continuous 
control rather than the prior art PID-A/D controller's dis- 
crete control. Continuous control provides infinite reso- 
lution as opposed to the prior erf s discrate resolutions. 
PI D-A/D controllers are limited In their accuracy by such 
parameters as A/D converter and jlC input/output (I/O) 
sampling rates. The continuous analog system of the 
invention therefore imparts less ripple about the setpoint 
temperature than such prior art systems. This enhanced 
temperature control is important, particularly In instal- 
ments in which a very small sample of, for example, 
blood is being analyzed lor a somewhat temperature- 
sensitive characteristic, such as coagulation time. 
[0005] According to the invention, the heat output of 
a heater plate Is programmed and regulated. Illustrative- 
ly, it is programmed end regulated to control the heat of 
the heater plate at one of two different predetermined 
temperatures. 

[0006] According to an illustrative embodiment of the 
Invention, a thermistor which monitors the temperature 
of the heater plate is the feedback element of an analog 
heater control. The thermistor is coupled in a variable 
resistance leg of a bridge circuit An operational ampli- 



fier is coupled to the bridge circuit and seeks to balance 
the bridge by varying the power supplied by the opera- 
tional amplifier's output terminal via a transistor to the 
heater plate. A pC selects one of the two predetermined 

5 temperatures, based upon certain control parameters, 
and provides this information to the operational amplifi- 
er. The \iO also enables/disables the heater control cir- 
cuitry. A fail-safe circuit is employed to prevent thermal 
runaway of the heater plate in the event of thermistor 

10 open circuit failure, removal of the thermistor from cir- 
cuit, or the like. 

[0007] The heater control circuit is designed to bring 
a heater element, such as a blood sample heater plate, 
to a desired setpoint temperature and regulate the sys- 

15 tem to that temperature. The system is hardware pro- 
grammable to two desired setpoint temperatures, illus- 
tratively 44°C to heat a blood sample quickly from room 
temperature toward body temperature, and 39°C to 
maintain the sample at body temperature during the 

20 clotting time test. The setpoint temperatures are select- 
ed by the jiC I/O port line. The \iC also controls enabGng 
and disabling of the control circuit. 
[0008] The feedback element in the temperature con- 
trol circuit is a thermistor. The thermistor is an element 

25 of a variable leg of a bridge circuit. The bridge circuit is 
coupled to an Input terminal of a differential amplifier. 
The differential amplifier senses the voltage differential 
between a reference leg of the bridge circuit and the var- 
iable leg with the thermistor element The differential 

30 amplifier output terminal drives the heater plate accord- 
ingly In order to meet the desired setpoint temperature. 
Once the system has reached the desired setpoint tem- 
perature, the bridge circuit will be balanced and the dif- 
ferential amplifier will continue to keep the bridge bal- 

35 ance, regulating the heater plate temperature at the de- 
sired set point 

[0009] The system Is provided with fault protection to 
prevent a hazardous overheating condition if the ther- 
mistor is damaged or is missing from the bridge circuit 

40 The heater control circuit shuts down in response to 
sensing of a fault. In addition, to minimize ovemeating 
of the heater element, the \iO is programmed to drive 
the heater element to a predetermined maximum power 
limit The pC can also monitor the drive to the heater 

45 elementto determine whether the circuitry is functioning 
property. 

[0010] According to an aspect of the invention, a com- 
bination heater and heater control is provided for an in- 
strument for monitoring a reaction which occurs when 

so the reactants are heated. The heater comprises an elec- 
trically resistive pattern. Means ana provided for sup- 
porting the pattern in heat conducting relationship to the 
reactants when the instalment is in use. Means are pro- 
vided for monitoring the temperature of the support 

55 means. The means for monitoring the temperature of 
the support means is mounted adjacent the support 
means. The monitoring means and pattern are coupled 
to the heater control. 
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lustrated in Fig. 1; 

Fig. 3 Illustrates a fragmentary exploded perspec- 
tive view of the top portion of the Instrument Illus- 
trated In Fig. 1; 
5 Fig. 4 Illustrates an exploded perspective view of a 
detail of Fig. 1; 

Fig. 5 illustrates an exploded perspective views of 
a detail of Figs. 4; 

Rg. 6 illustrates an enlarged exploded perspective 
w view of a detail of Fig. 5; 

Rg. 7a-b illustrate an enlarged, fragmentary, ex- 
ploded perspective view and a fragmentary bottom 
plan view, respectively, of a detail of Rg. 5; 
Rgs. 8a-c illustrate a top perspective view, a differ- 
ent top perspective view, and a bottom perspective 
view, respectively, of a detail of Rg. 5; 
Rgs. 9a-b illustrate an exploded bottom perspective 
view and an exploded top perspective view, respec- 
tively, of a detail of Rg. 5; 
20 Rg. 10 illustrates a top plan view of a detail of Fig. 5; 
Rgs 11a-d illustrate exploded perspective views of 
details of Rg. 4; 

Rgs. 1 2a-b illustrate perspective views from two dif- 
ferent perspectives of a detail of Rg. 4; 
25 Rg. 13 illustrates a block diagram of the electrical 
system of the instrument of Rg. 1; 
Rg. 14 illustrates a schematic diagram of an electric 
circuit of the instrument of Rgs. 1 and 13; 
Rgs. 15a-b illustrate a schematic diagram of an 
30 electric circuit of the instrument of Rgs. 1 and 13; 
Rg. 16 illustrates a reflected light signal and a rec- 
tified reflected light envelope according to the 
present invention; 

Rgs. 17a-b illustrate enlarged fragmentary longitu- 
35 dinal sectional views taken generally along section 
lines 17-17 of Rg. 4; 

Rg. 18 illustrates a detected light profile according 
to the present Invention; and, 
Rg. 19 Hlustrates two waveforms useful in under- 
go standing a start noise Immunization technique em- 
ployed in an instrument constructed according to 
the present invention. 

Modefc) for Carrying Out the Invention 

46 



[001 1] Illustratively, the system is Incorporated into an 
instrument for determining the coagulation time of 
blood, a blood fraction or a control. The instrument com- 
prises a first temperature setpoint control and a second 
temperature setpoint control. 
[0012] According to another aspect of the invention, 
an instrument for determining the coagulation time of 
blood, a blood fraction or a control includes a heater and 
a heater control. The heater comprises a heater ele- 
ment. Means are provided for supporting the heater el- 
ement In heat conducting relationship to the blood, 
blood fraction or control when the instrument is in use. 
Means are provided for monitoring the temperature of 
the support means. The means for monitoring the tem- 
perature of the support means is mounted adjacent the 
support means. The heater control comprises a first 
temperature setpoint control and a second temperature 
setpoint control. The monitoring means and the heater 
element are coupled to the heater control. 
[0013] Additionally, Illustratively, the instrument com- 
prises a controller and the second temperature setpoint 
control comprises an output terminal of the controller for 
providing a signal that the support means is to be heated 
from ambient temperature for conducting a coagulation 
time test. 

[0014] Further, illustratively, the heater control, the 
monitoring means and the means for coupling the mon- 
itoring means to the heater control together comprise a 
differential amplifier and a bridge circuit having first, sec- 
ond, third and fourth bridge legs. The differential ampli- 
fier includes an inverting input terminal and a non-invert- 
ing input terminal. The inverting input terminal and the 
first and second legs of the bridge are coupled together 
in a circuit. The non-inverting input terminal and the third 
and fourth legs of the bridge are coupled together in a 
circuit The second leg of the bridge includes the first 
temperature setpoint control. The fourth leg of the bridge 
Includes the means for monitoring the temperature of 
the support means. 

[001 5] Illustratively, the means for monitoring the tem- 
perature of the support means comprises a temperature 
sensitive element 

[001 S\ Additionally, illustratively, the first temperature 
setpoint control comprises a potentiometer for setting 
the temperature at which the support means is to be 
maintained during the reaction. 

Brief Description of Drawings 

[0017] The invention may best be understood by re- so 
ferring to the following description and accompanying 
drawings which illustrate the invention, in the drawings: 

Rg. 1 illustrates an exploded perspective view of an 
Instrument constructed according to the present in- ss 
ventfon; 

Rg. 2 illustrates a fragmentary exploded perspec- 
tive view of the bottom portion of the instrument B- 



[0018] The following schematic and block circuit dia- 
gram descriptions identify specific integrated circuits 
and other components and in many cases specific 
sources for these. Specific terminal and pin names and 
numbers are generally given in connection with these 
for the purposes of completeness. It is to be understood 
that these terminal and pin identifiers are provided for 
these specifically Identified components. It is to be un- 
derstood that this does not constitute a representation, 
nor should any such representation be inferred, that the 
specific components or sources are the only compo- 
nents available from the same or any other sources ca- 
pable of performing the necessary functions. It is further 
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to be understood that other suitable components avail- 
able from the same or different sources may not use the 
same terminal/pin identifiers as those provided in this 
description. 

[0019] An Instrument 100 for determining the coagu- 
lation time of a specimen, whether of blood or of a con- 
trol, includes a housing 102 comprising a housing bot- 
tom 104 and a housing top 106. Top 108 is provided with 
a battery door 108 which covers a battery well 110hous- 
ing the instrument 100's battery power source (not 
shown). Bottom 1 04 houses a piezoelectric beeper 112, 
and a printed circuit board (PCB) 114 onto which are 
assembled various circuit components which wfll be de- 
scribed later. An optics assembly 116, a socket 118 for 
a test parameters electronically erasable programmable 
read-only memory (EEPROM) key 119 of the type da- 
scribed in U.S. Patent 5, 053,199, a socket 120 for serial 
data communication, and a power supply connector 122 
for connection of instrument 100 to an external AC/DC 
adapter (not shown} for operation thereby in lieu of the 
batteries (not shown) with which instrument 100 is typ- 
ically equipped, are also assembled onto PCB 114. 
[0020] Optics assembly 116 includes a covered 126 
strip adapter top assembly 132 hinged 128 to a strip 
adapter bottom assembly 130. Strip adapter bottom as- 
sembly 130 includes a magnet assembly 140 held to 
bottom assembly 130 by a spring clip retainer 142. Mag- 
net assembly 1 40 Includes a coil 144 wound on a bobbin 
146 which is positioned over the center leg 148 of an E- 
core 150. The end legs 152 of E-oore 150 lie outside coii 
144. A bias magnet 154 is placed over the end of the 
center leg 148 and is supported on one end of the bobbin 
146. A connector 156 permits electrical connections to 
be made to coil 144. 

[0021] Strip adapter bottom assembly 130 also in- 
cludes a sample port housing assembly 160 having a 
housing 162 within which are mounted a photodiode 164 
and an LED 166. Photodiode 164 senses light generat- 
ed by LED 166 and reflected from the sample and strip 
101 to provide an Indication that a sample, be it blood 
or control, has been applied to instrument 100 for test- 
ing. A connector 168 provides for electrical connections 
to photodiode 164 and LED 166. A clamp 170 retains 
LED 166 in housing 162. The angle between the axes 
of the LED 166 and photodiode 164 openings 172, 174, 
respectively, Is about 15°. 

[0022] Strip adapter bottom assembly 130 also in- 
cludes a heater assembly 180 including a heater foil 182 
constructed from two Kapton/WA polyamlde (Urns be- 
tween which is sandwiched a copper nickel foil trace 1 83 
having a resistance of about 13 n and an output power 
of about 2W. A thermal fuse 184 and a thermistor 188 
are mounted on the side of the foil 182 opposite the heat- 
er trace. Thermal fuse 184 is coupled through the foil 
182 between one terminal 166 of the heater foil trace 
and the - HEATER terminal of a heater circuit Contact 
is made to the leads of thermistor 188 from the THer- 
mJstor + and - leads of the heater circuit through a hole 



1 90 in the foil 182. An aluminum nitride heater plate 192 
having a light reflecting top surface 194 is attached to 
foil 162 over the heater pattern area 193 of the heater 
trace using a thermosetting acrylic adhesive. Electrical 
5 connections are made to heater assembly 1 80 through 
a connector 196. 

[0023] A transparent polycarbonate window 200 is 
adhesively attached to a region 202 of strip adapter bot- 
tom assembly housing 203 which is formed with a series 
10 of eight transversely extending slit openings 204-1 - 
204-8, respectively. A transparent polycarbonate win- 
dow 206 is provided with an opaque glossy black coat- 
ing 208 over part of its surface and an opaque glossy 
yellow coating 210 over part of Its surface. The remaln- 
16 der 2 1 1 of window 206 remains transparent. Remainder 
211 overlies a slit 213 in housing 203 through which ra- 
diation from LED 166 is transmitted to the sample and 
through which remission from the sample is detected by 
photodiode 164. The yellow region 210 visible to the us- 

20 er of Instrument 100 indicates where the sample, be it 
blood or control, is to be placed on a transparent dis- 
posable strip 101, such as those illustrated and de- 
scribed in U.S. Patent 4,849,340 or the CoaguChek™ 
coagulation system test strip available from Boehringer 

2ff Mannheim Corporation, 9115 Hague Road, Indianapo- 
lis, Indiana 46250, when the disposable strip 101 is 
property located in the optics assembly 1 1 6. A push-but- 
ton latch 214 including a button 216 biased into locking 
position by a scissors-shaped compression spring 218 

30 completes strip adapter bottom assembly 1 30. 

[0024] Strip adapter top assembly 132 includes a strip 
adapter top 222 into which is mounted a bar code read- 
ing photodiode 224 with an elongated active region ex- 
posed through a slot 226 and a transparent polycar- 

35 bonate window 228 adhesively mounted on the under- 
side of top 222 to close slot 226. A photosensor bracket 
230 captures photodiode 224 in position adjacent slot 
226. Test strip clamps containing foam springs 232, use- 
ful in pressing test strip 101 against heater plate 192, 

40 have tabs that fit into locating openings provided there- 
for in the floor of top 222. Space 235 is provided betwee n 
clamps 232 to accommodate a positioning bracket 236 
which is mounted on the underside of PCB 234 and ax- 
tends downward therefrom into space 235. START LED 

45 238 and FILL LED 240 are mounted respectively in front 
of and behind positioning bracket 236 angled at about 
5° to the normal plane of incidence on PCB 234. A pho- 
todiode 242 with a daylight filter is mounted on PCB 234 
inside positioning bracket 236. All three of components 

so 238, 240, 242 are exposed downward through openings 
provided therefor in the bottom of strip adapter top 222 
of the strip adapter top assembly 132. A MAIN assay 
LED 244 is mounted in an opening 246 provided therefor 
in strip adapter top 222 and is held in place by a holding 

55 clamp 248. The leads of LED 244 are connected to PCB 
234. The axis of opening 246 makes an angle of about 
45° with the axis of the opening for photodiode 242 and 
intersects it 



4 



7 



EP 0 775 311 B1 



8 



[0025] A pop-up bracket 250 is spring 252-loaded into 
an opening provided therefor in a rear end wall 254 of 
strip adapter top 222 to cause the strip adapter top as- 
sembly 132 to pop up when button 216 is pushed. An 
eleven-conductor flat cable 256 and connector 256 
make the connections between the components mount- 
ed on PCB 234 and the remaining circuits of the PCB 
114. Pawl-type catches 260 extend downward from the 
two forward comers of strip adapter top 222. Openings 
262 are provided adjacent the front comers of strip 
adapter bottom assembly 1 30 to accommodate catches 
260. Cooperating tongues 263 on button 216 are urged 
Into engagement with catches 260 by spring 216 when 
strip adapter bottom assembly 130 and top assembly 
1 32 are closed together. A flag 264 which extends down- 
ward from a side edge of strip adapter fop 222 extends 
into a slot 266 provided for this purpose In strip adapter 
bottom assembly 130 where flag 264 interrupts a light 
path from a source to a detector to indicate that the strip 
adapter top and bottom assemblies 132, 130, respec- 
tively, are closed together. 

[0026] The electrical circuitry on PCB 114powersand 
reads the various sensors included on the coagulation 
optics circuit 270 on PCB 234. +5V and -5V are supplied 
to circuit 270 through terminals 258-5 and 258-1, re- 
spectively, of connector 258. Unregulated voltage is 
supplied to terminal 256-8 of connector 256. Ground for 
circuit 270 is provided at terminals 258-2, 4 and 7 of con- 
nector 258. A capacitor is coupled across terminals 
258-8 and 258-2, 4, 7. The anodes of LEDs 238, 240. 
244 are all coupled to terminal 258-8. The cathode of 
LED 238 is coupled to the START terminal, terminal 
258-11, of connector 258. The cathode of LED 240 is 
coupled to the FILL terminal, terminal 258-10, of con- 
nector 258. The cathode of LED 244 is coupled to the 
MAIN terminal, terminal 258-9, of connector 258. 
[0027] The anodes of photodiodes 224, 242 are cou- 
pled through a resistor 273 to terminal 258-1 . The cath- 
ode of photocfiode 242 is coupled to the - input terminal 
of an operational amplifier 274. The + input terminal of 
operational amplifier 274 is coupled to the anodes of 
photodiodes 224, 242. The output terminal of operation- 
al empfifier 274 is coupled to its - input terminal through 
a parallel RC feedback circuit The output terminal of 
operational amplifier 274 is also coupled to the DETect 
terminal, terminal 258-3, of connector 258. 
[0028] The cathode of photodiode 224 is coupled to 
the - input terminal of an operational amplifier 278. The 
+ Input terminal of operational amplifier 276 is coupled 
to the anodes of photodiodes 224, 242. The output ter- 
minal of operational amplifier 278 is coupled to its - input 
terminal through a parallel RC feedback circuit The out- 
put terminal of differential amplifier 278 is also coupled 
to the CodeBaR OUTput terminal, terminal 258-6, of 
connector 258. 

[0029] A +V terminal of a 2.5V reference voltage 
source 279 is coupled to terminals 258-2, -A and -7 of 
connector 258. The - terminal of reference voltage 



source 279 Is coupled to the anodes of photodiodes 224, 
242, to the + Input terminals of operational amplifiers 
274, 278, and through resistor 273 to the -5V terminal, 
258-1 , of connector 258. 
5 [0030] The electric circuitry 280 mounted on PCB 114 
processes the various signals from circuitry 270, as well 
as others which circuitry 280 generates itself or receives 
from the user of instrument 100, or which are generated 
externally to Instrument 100. An Intel type N83C51FC 

10 eight-bit microcontroller (pC) 284 has data terminals 
PO.O - POT coupled to DATA lines 0-7, respectively, of 
an instalment 100 bus 286. |iC 284 address terminals 
P2.0 - P2A and P2.8 - P2.7 are coupled to address lines 
A8-A12 a nd A14 -A15, respectively, of bus 286. The 

15 ReaD and WRite terminals, P3.7 and P3.6, respe ctive- 
ly, of \iC 284, are coupled to the Read Data and 
Write Data lines, respectively, of bus 286. An Address 
Latch Enable terminal of jiC 284 is coupled to the ALE 
terminal of a Toshiba type TC11L003AU-1031 applica- 

20 tlon specific programmable gate array integrated circuit 
(ASIC) 290. The TIP (transmit) terminal 120-2 of serial 
data port socket 120 Is coupled through the parallel 
combination of a capacitor and a resistor to ground, and 
through a series resistor to the Transmit Data (TXD) tar- 
iff minal P3.1 of ]iC 284. The RING (receive) terminal 
120-3 of serial data port socket 120 is coupled through 
the parallel combination of a capacitor and a resistor to 
ground and through a series resistorto the Receive Data 
(RXD) terminal P3.0 of |iC 284. The GrouND terminal 

39 1 20-1 of socket 120 is coupled to ground. 

[0031] The CS terminal 118-1 of ROM key socket 118 
is coupled through a 6.2V Zener diode to ground and 
directly to a Code ROM IC chip Select OutPut terminal 
22 of ASIC 290. The SK terminal, 118-2, of ROM key 

3* socket 116 is coupled through a Zener diode to ground 
and directly to the CLOCK terminal, terminal PI .0, of jiC 
284. It Is also coupled to the SK terminal of an EEPROM 
292 Internal to instrument 100. EEPROM 292 generally 
contains the meter 100 characterizing parameters. The 

^0 pi and DO terminals, terminals 118-3 and 4, of socket 
1 1 8 are coupled to each other, to ground through a Zen- 
er diode, directly to the Dl and DO terminals of EEPROM 
292, and directly to the EECH/DO terminal P3.5, of pG 
284. Terminal 118-5 of socket 118 is coupled to ground. 

45 Terminal 118-8 of socket 118 is coupled to the system 
+5V supply. 

[0032] The time base for pC 284 is generated by a 
73728 MHz crystal which is coupled across terminals 
X1-X2 thereof. A capacitor is coupled between each ter- 

so minal of the crystal and ground. Terminal P1 .5 of pC 284 
is coupled to a resistive voltage divider in a beeper 112 
driver circuit 294. The common terminal of the series 
resistors is coupled to the base of a driver transistor 296. 
The collector of transistor 296 is coupled through a puD- 

55 up resistor to +5V and directly to one terminal of beeper 
112. The emitter of transistor 296 and the other terminal 
of beeper 112 are both coupled to ground. Two diodes 
clamp the collector of transistor 296 between ground 



5 



9 



EP0775 311 B1 



10 



and *5V. 

[0033] The data terminals DO-D7 of a 8K by 8 static 
random access memory (SRAM) 300 are coupled to the 
DATA 0-DATA 7 lines, respectively, of bus 286. The ad- 
dress terminals A0-A12 of SRAM 300 are coupled via 
the system bus 286 to the A0-A7 terminals of ASIC 290 
and the A8-A12 terminals of jiC 284, respectively. The 
ReaD and WRite term inals o f SR AM 30 0 are coupled 
via the bus 286 to the ReaD and WRite terminals, re- 
spectively of ]i0 284. The CE2 terminal of SRAM 300 
is coupled to the junction of a resistor and a capacitor. 
The other terminal of the resistor is coupled to +5V. The 
other terminal of the capacitor is coupled to ground. The 
CE2 terminal Is clamped via a diode to +5V. The DATA 
0-DATA 7 terminals of a two line by sixteen character 
display 302 are coupled to the DATA 0-DATA 7 terminals 
of bus 286. The DiSRay E Nable terminal of display 302 
is coupled via bus 286 to the DISPlay ENable terminal 
of ASIC 290. The A0-A1 terminals of display 302 are 
coupled to the A0-A1 terminals, respectively, of bus 286. 
The GrouND terminal of display 302 is coupled to the 
system ground and the VDD terminal of display 302 la 
coupled to +5V. Terminal 3 of display 302 is coupled 
through a resistor to ground and through a resistor to 
+5V. An instrument 100 keypad switch has its ON/OFF 
terminal connected to the source of a field effect tran- 
sistor (FET) 303 in instrument 100/8 power supply circuit 
304. The YES terminal of the switch Is coupled to InPut 
terminal 1 of ASIC 290. The NO terminal of the switch 
is coupled to InPut terminal 2 of ASIC 290. The YES and 
NO terminals are also coupled through respective pull- 
up resistors to +5V. 

[0034] Battery back-up protection is provided to 
SRAM 300 by a circuit including a 3.3V regulator 306. 
The Vfo terminal of regulator 306 Is coupled to the junc- 
tion of a resistor and a capacitor. The other terminal of 
the capacitor is coupled to ground. The other terminal 
of the resistor is coupled to the cathode of a diode, the 
anode of which is coupled to +VBAT. The terminal 
of regulator 306 is coupled across a series resistive volt- 
age olvider including a resistor 308 and a resistor 310 
to ground. is also coupled to the emitter of a tran- 
sistor 312. The junction of resistors 308 t 310 is coupled 
to the base of a transistor 314. The emitter of transistor 
31 4 is coupled to ground. Its collector is coupled through 
a series resistor to the base of transistor 312. Trie col- 
lector of transistor 312 is coupled to the BATtery 1 ter- 
minal of a real time dock 316, and to one terminal of a 
capacitor, the other terminal of which is coupled to 
ground. The D and Q terminals of IC 316 a re coupled to 
the DATA 0 line of bus 286. The CEI , CEO , WE and OE 
terminals of IC 316 are coupled to terminal R2.7(A15) 
of ^C 284, terminal CE of SRAM 3 00, the Write Data 
line of bus 286, and the Read Data line of bus 266, re- 
spectively. TtieVCC OLTTPUT terminal of IC 316 Is cou- 
pled to the VDD terminal of SRAM 300 and through a 
capacitor to ground. The time base for IC 316 Is gener- 
ated by a 32.768 KHz crystal coupled across terminals 



X1-X2 thereof. 

[0035] The PoWeR INTemipt, MAIN ConTroL, HeaT- 
eR ON/OFF, A/D OUT, A/D A, A/D B r power SUPPLY 
ON, SAMPLE ConTroL, and MAGnet 1 ConTroL termi- 

5 nals, terminals P3.2, P3.3, P3.4, P1.1, P1.2, P1.3, P1.4, 
P1.6 and P1.7, respectively of \i0 284, are coupled to 
the power supply circuit 304, the main LED driver in an 
LED driver circuit 320, the heater control circuit 322, the 
COMParator OUTput terminal of a Teledyne type 

10 TSC500ACOE A/D converter IC 324 in the analog sec- 
tion of Instrument 100, the A terminal of A/D 324, the B 
terminal of A/D 324, power supply circuit 304, the sam- 
ple port circuit 326, and the magnet current control cir- 
cuit 328. 

15 [0036] The Input 3 terminal of ASIC 290 is coupled to 
an optical switch 486. The OutPut 10-17 terminals of 
ASIC 290 are coupled to the bar code LED array driver 
circuit 330. The OutPut terminals 20, 21 , 24 and 25 of 
ASIC 290 are coupled to the setpoint temperature con- 

20 trol of heater driver circuit 322, the LATCH ENABLE ter- 
minal of an eight-to-one analog multiplexer 332 in the 
analog section of instrument 100, the fill LED driver in 
circuit 320, and the start LED driver in circuit 320, re- 
spectively. The Address 0-2 lines of bus 286 are coupled 

25 to the A, B and C terminals, respectively, of multiplexer 
332. 

[0037] Power supply circuit 304 includes an instru- 
ment 100 battery connector 334 having +VBAT terminal 
334-1 and ground terminal connector 334-2 and AC/DC 

30 converter power supply connector 1 22 having +VI N ter- 
minals 122-3 and 6 connected together and GRouNd 
terminals 122-1 and 4 connected together. +VBAT is 
coupled through a series resistor to the gate of FET 303. 
The drain of FET 303 is coupled through two series re- 

3ff sistors336, 338 to the base of a transistor 340. The emit- 
ter of transistor 340 Is coupled to its base through the 
series combination of a resistor and a diode, through a 
diode and 2.0 ampere fuse to +VIN, and through a par- 
allel combination of a transient suppressor diode, a re- 

^0 sistor and a capacitor to ground. The junction of resis- 
tors 336, 338 is coupled through a resistor to the base 
of a transistor 342. The emitter of transistor 342 is cou- 
pled to the base of transistor 340. The collector of tran- 
sistor 342 is coupled through two series resistors to 

*5 ground. The common terminal of these resistors is cou- 
pled to the base of a transistor 346. The emitter of tran- 
sistor 346 is coupled to ground and its coDector Is cou- 
pled through a pull-up resistor to +5V. The collector of 
transistor 346 is also coupled to InPut terminal 0 of ASIC 

so 290. 

[0030] The emitter of a transistor 350 is coupled to 
+VBAT +VBAT is coupled through a resistor and a diode 
in series to the base of transistor 350. The base of tran- 
sistor 350 is coupled through a diode 351 to the base of 
55 transistor 340. The base of transistor 340 is coupled 
through a parallel resistance network to the collector of 
a transistor 352. The emitter of transistor 352 is coupled 
to ground, its base is coupled through a resistor to 
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ground and through a resistor to the collector of a tran- 
sistor 354. The emitter of transistor 354 is coupled to 
+5V Analog. The base of transistor 354 is coupled 
through a resistor to +5VA. The base of transistor 354 
is also coupled through a resistor to terminal P1.4 of \iC 
284. Once the on/off key to meter 100 is depressed upon 
tum-on, enough time is given for the +5V supply to come 
up and the |iC 284 to reset itself (once +5V supply has 
been applied to its pin) and then to have terminal 
P1.4 of \lC 284 latch the system +5V supply on. This 
terminal Is also used to shut the system down In an or- 
derly fashion. VUNREGulated appears at the collector 
of transistor 350 and at the cathode of a diode 356, the 
anode of which Is coupled to the collector of transistor 
340. 

[0039] Regulation is initiated by battery voltage 
+VBAT on the gate of FET 303. If the battery is in back- 
ward, or is below minimum regulation level and no AC/ 
DC adapter is connected to instrument 1 00, or is missing 
and no AC/DC adapter Is connected to instrument 100, 
the instrument 1 00 cannot be turned on. If the battery is 
installed properly and is above minimum regulation lev- 
el, regulation is established at the base of transistor 340 
and, through diode 351, at the base of transistor 350. 
Regulation is also signalled through transistors 342 and 
348 to the ON/OFF INDicator InPut terminal 0 of ASIC 
290. If the battery voltage +VBAT is greater than +VIN, 
diode 356 decouples the AC/DC adapter Input circuity, 
Including transistor 340 and its associated regulating cir- 
cuitry from VUNREGulated so that the battery does not 
power that circuitry. 

[0040] VUNREGulated is supplied to the VI N terminal 
of a +5V regulator IC 360. VUNREGulated is also sup- 
piled to a series voltage divider including a resistor 362 
and a resistor 364. The common terminal of resistors 
362, 384 is coupled to the INput terminal of a voltage 
detector IC 366. The ERROR output terminal of IC 366 
Is coupled through a resistor to VUNREGulated and 
through a resistor to the base of a transistor 366. The 
collector of transistor 368 is coupled through a load re- 
sistor to VUNREGulated and is coupled directly to the 
SHUTDOWN terminal of +5V regulator IC 360. If the 
supply voltage is low, IC 366 will prevent instrument 1 00 
from being turned on. Regulated +5V for the digital cir- 
cuitry of instalment 100 appears at the VOUT terminal 
of +5V regulator IC 360. The SENSE terminal of IC 360 
is coupled to +5V The ERROR terminal of IC 360 is cou- 
pled through a pull up resistor to +5V. The ERROR ter- 
minal is also coupled to the PoWeRlNTerrupt terminal, 
P3.2, of \iC 284. The error terminal's main function is to 
warn the \lC 284 that the system power is approaching 
an unregulated condition. By warning \iC 284 of such 
condition, |iC 284 can power down the system in an or- 
derly fashion prior to any soft failures occurring. A ca- 
pacitor across VOUT and GrouND of IC 360 is decou- 
pled by a resistor from a tantalum capacitor across the 
+5 VAnatog supply to analog ground The voltage 
across the VOUT output terminal to ground is fed back 



through a diode and resistor in series to the base of tran- 
sistor 368. The VOUT output terminal of IC 360 is also 
coupled to the V+ terminal of a +5V-to-5V converter 
369. A tantalum capacitor is coupled across the CAP+ 

5 and CAP- terminals of converter 369. -5VDC for circuits 
requiring it appears across the VOUT terminal of con- 
verter 369 to ground. The instrument 100's analog and 
digital grounds are tied together here. A +V terminal of 
an 2.5V reference voltage source 370 is coupled 

w through a resistor to +5 VAnalog. 2.5 VRE Ferenoe is es- 
tablished across the +V terminal of source 370 and 
ground. 

[0041] Turning now to the LED driver circuitry 320 for 
the optical head assembly 116, the start LED control 

is OutPut terminal 25 of ASIC 290 is coupled through a 
diode to the - input terminal of an operational amplifier 
374. The + input terminal of operational amplifier 374 is 
coupled to VREF. The output terminal of operational am- 
plifier 374 is coupled to the base of a transistor 376. The 

20 collector of transistor 376 Is coupled to the START LED 
terminal, terminal 258-11 , of connector 258. The emitter 
of transistor 376 Is coupled to ground through a resistor, 
which limits the current through the start LED at a con- 
stant current, and through a feedback resistor to the - 

2B input terminal of operational amplifier 374. 

[0042] The FILLConTroL terminal, Output terminal 
24, of ASIC 290 is coupled through a diode to the - input 
terminal of an operational amplifier 378. The + Input ter- 
minal of operational amplifier 378 is coupled to VREF. 

30 The output terminal of operational amplifier 378 is cou- 
pled to the base of a transistor 380, the collector of which 
is coupled to the FILL LED terminal, terminal 258-10, of 
connector 258. The emitter of transistor 380 is coupled 
through a parallel resistor network to ground, which lim- 

ss its the current through the fill LED at a constant current, 
and through a feedback resistor to the - input terminal 
of operational amplifier 376. 

[0043] The MAIN ConTroL terminal, P3.3, of \iC 284 
is coupled through a diode to the - input terminal of an 

40 operational amplifier 382. The + input terminal of oper- 
ational amplifier 382 Is coupled to VREF. The output ter- 
minal of operational amplifier 382 is coupled to the base 
of a Darlington-coupled transistor pair 384. The collec- 
tors of transistors 384 are coupled to the MAIN assay 

45 LED terminal, 258-9, of connector 258. The emitter of 
transistors 384 Is coupled through a resistor to ground, 
which Omits the current through the main LED at a con- 
stant current, and through a resistor, to the - input ter- 
minal of operational amplifier 382. 

so [0044] The sensed bar code of the disposable test 
strip 101 which is being used in a particular test comes 
In to circuit 320 serially on the CodeBaR terminal, 258-6, 
of connector 25a It Is coupled directly to analog Input 
terminal X5 of multiplexer 332. The START, FILL and 

55 MAIN essay DETect signals indicating that an adequate 
volume sample droplet has been placed over yellow ar- 
ea210 on a test strip 101 , and its raw coagulation results 
data, are provided from terminal 258-3 of connector 256 
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to the + input terminals of two operational amplifiers 386, 
388. Operational amplifier 386 Is configured as a unity 
gain buffer and its output terminal is coupled to the DC 
input terminal X1 of multiplexer 332. Operational ampli- 
fier 388 is also configured as a unity gain buffer and Its 
output terminal is capacitively coupled through a capac- 
itor and two series resistors 390, 392 to a + input termi- 
nal of an operational amplifier 394. The output terminal 
of operational amplifier 386 is also coupled to ground 
through an RC parallel combination. The + terminal of 
operational amplifier 394 Is coupled to ground through 
a capacitor. The output terminal of operational amplifier 
394 is coupled through a feedback resistor to Its - input 
terminal, its - input terminal Is coupled to ground through 
a resistor. The output terminal of operational amplifier 
394 is also coupled through series resistors 396, 398 to 
ground. The common terminal of resistors 396, 398 is 
coupled through a capacitor to the common terminal of 
resistors 390, 392. 

[0045] The signal at the output terminal of operational 
amplifier 394 is directly coupled to the X0 input terminal, 
AC1, of multiplexer 332. That signal is also coupled to 
the + input terminal of an operational amplifier 400. The 
signal at the output terminal of operational amplifier 400 
is directly coupled to the X2 Input terminal, AC2, of mul- 
tiplexer 332. The output terminal of operational amplifier 
400 Is also coupled through a resistor to the - input ter- 
minal thereof. The - Input terminal of operational ampli- 
fier 400 Is coupled through a resistor to ground. 
[0046] VUNREGidated is coupled through a series 
voltage divider Including a 324KQ, 1 % resistor 402 and 
a 124KQ, 1% resistor 404 to ground. The common ter- 
minal of resistors 402, 404 is coupled directly to the an- 
alog BATTery voltage input terminal X4 of multiplexer 
332. +5VA is coupled to the VDD input terminal of a 
Seiko type S8100BF temperature sensor 406. The 
VOUT terminal of sensor 406 Is coupled directly to the 
analog VTEMP voltage input terminal, X6, of multiplexer 
332 and through a 1MQ pull-up resistor to +5VA. 
[0047] The heater control circuit 322 Includes two se- 
ries 100KQ resistors 410, 412 coupled between the 
HeaTeR ON/OFF terminal of |iC 284 and ground. The 
common terminal of resistors 410, 412 is coupled to the 
base of a type BC848C NPN transistor 414, the collector 
of which is coupled through two series 100KQ resistors 
416, 418 to +5VA, and the emitter of which is coupled 
to ground. The common terminal of resistors 416, 418 
is coupled to the base of a type BC858C PNP transistor 
420, the emitter of which is coupled to +5VA, and the 
collector of which is coupled through a series 10KQ, 1 % 
resistor 422 and 120 pF capacitor 424 to ground. The 
common terminal of resistor 422 and capacitor 424 Is 
coupled to the - input terminal of a type LM324A oper- 
ational amplifier 426. 

[0048] +5VA Is coupled through a series 1 00KQ, 1 % 
resistor, a 2KD, ten turn potentiometer 428 and a 
3.48KQ, 1 % resistor to ground. The movable contact of 
potentiometer 428 is coupled to the - input terminal of 



operational amplifier 426. The potentiometer enables 

the heater plate 1 92 to achieve about 39°C. +5VA is cou- 
pled through a series 100KO, 1% resistor 430 and 120 

pF capacitor 432 to ground. The common terminal of 
5 resistor 430 and capacitor 432 Is coupled to the THer- 

mistor + terminal, 196-3, of connector 196, and to the + 

input terminal of operational amplifier 426. The * input 

terminal of operational amplifier 426 is coupled through 

the series combination of a type LL4148 diode and a 
10 100KQ resistor to ground. The junction of the resistor 

and diode Is coupled to the base of a type BC848C NPN 

transistor 434, the emitter of which is coupled to ground. 

The output terminal of operational amplifier 426 is cou- 
pled through a 1MQ, 1% resistor to its - Input terminal 
is and through the series combination of a type LL4148 

diode and a 200n resistor to the collector of transistor . 

434. 

[0049] The SETPoinT 2 terminal, OutPut terminal 20, 

of ASIC 290, is coupled through series 100KQ resistors 
20 436, 438 to +5VA. The ASIC 290 provides control of the 

heater plate 1 92 temperature at two different setpoints, 

39°C and 44°C. The second setpolnt Is set high to per- 
mit the heater plate 192 to attain 44°C temperature, 

thereby permitting more rapid warming of samples to j 
25 39°C. The common terminal of resistors 436. 438 is cou- j 

pled to the base of a type BC658C PNP transistor 440, 

the emitter of which is coupled to +5VA and the collector 

of which is coupled through a 348KQ, 1 % resistor to the j 

- Input terminal of operational amplifier 426. A series re- j 
so sistive voltage divider including a 249KQ, 1% resistor 

442 and a 1MQ, 1% resistor 444 Is coupled between the 

output terminal of operational amplifier 426 and ground. 

The common terminal of resistors 442, 444 is ooupled 

to an analog input terminal X3 of multiplexer 332. Heater 
35 control circuit 322 operating status is thus multiplexed 

into |iC 284. Additionally, heater control status, as re- 
flected by the voltage at the collector of transistor 434, 

controls the flow of current through the heater foil 182. 

This is accomplished through a Samsung type ] 
40 MJD3055 NPN transistor 446, the base of which Is cou- j 

pled to the collector of transistor 434 and the collector 

of which is ooupled to the - HEATER terminal, 1 96-2, of 

connector 196. The + HEATER terminal, 196-1 , of con- 
nector 196 Is coupled to + VUNREGulated. The emitter 
45 of transistor 446 is coupled through a parallel resistance 

network having an effective resistance of about 1 .5Q to 

ground. The base of transistor 446 is also coupled 

through two series type LL41 48 diodes to ground , which 

limits the current through the heater foil to approximately j 
so 0.4A. The - THermistor terminal, 198-4, of connector j 

196 is coupled to ground. 

[0050] Terminal P1 .6 of \iC 284 Is ooupled through a 
diode to the - input terminal of an operational amplifier 
450 in the sample port circuit 326. The + input terminal 
59 of operational amplifier 450 is coupled to V RE F. The out- 
put terminal of operational amplifier 450 is ooupled to 
the base of a transistor 452, the emitter of which is cou- 
pled through a feedback resistor to the - input terminal 
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of operational amplifier 450 and to ground through re- 
sistance, which limits the current through the sample 
port LED at a constant current. The collector of transistor 
452 Is coupled to terminal 168-1 of the sample port con- 
nector 168. +5VA is coupled to terminal 1 68-2, the VDD 
terminal, of connector 168. VUNREGulated is coupled 
to terminal 168-5 of connector 168. The SAMPIe IN ter- 
minal, 168-4, of connector 168 is coupled to ground 
through a resistor and through a capacitor to the - input 
terminal of an operational amplifier 456. The + input ter- 
minal of operational amplifier 456 is coupled to ground. 
The output terminal of operational amplifier 456 is cou- 
pled through a parallel RC feedback circuit to its - input 
terminal. The output terminal of operational amplifier 
456 is coupled through a capacitor to the + input terminal 
of an operational amplifier 458. The + input terminal of 
operational amplifier 458 is coupled to ground through 
a resistor. 

[0051] The - input terminal of operational amplifier 
458 is coupled to ground through a resistor. The output 
terminal of operational amplifier 458 is coupled to the 
cathode of a diode, the anode of which is coupled 
through a resistor to the - input terminal of operational 
amplifier 458. The output terminal of operational ampli- 
fier 458 is also coupled to the anode of a diode 460, the 
cathode of which is coupled through a resistor 462 to 
the - input terminal of operational amplifier 458. This pro- 
vides a hysteresis-type configuration which has different 
gains depending upon whether the voltage at the + input 
terminal of operational ampGfier 458 is greater than or 
less than the voltage at the - input terminal thereof. The 
common terminal of diode 460 and resistor 462 is cou- 
pled through the series combination of a resistor 464 
and a capacitor 466 to ground. The common terminal of 
resistor 464 and capacitor 466 is coupled to the SAMPIe 
DETect input terminal, X7, of multiplexer 332. 
[0052] Terminal P1.7 of pC 284 is coupled through two 
series resistors in the magnet control circuit 328 to 
ground. The common terminal of these resistors is cou- 
pled to the base of a transistor 470, the emitter of which 
is coupled to ground. The collector of transistor 470 is 
coupled through series resistors to +5VA. The common 
terminal of these resistors is coupled to the base of a 
transistor 471 , the emitter of which is coupled to +5VA 
and the collector of which is coupled to the - input ter- 
minal of an operational amplifier 472. The series com- 
bination of a resistor 474 and a resistor 476 is coupled 
between VREF and ground. A capacitor is coupled 
across resistor 476. The common terminal of resistors 
474 and 476 is coupled to the + input terminal of oper- 
ational amplifier 472. 

[0059] The output terminal of operational amplifier 
472 is coupled to the base of a magnet coll 144-driver 
transistor 478. The emitter of transistor 478 is coupled 
through a resistor to ground, which limits the current 
through the magnet coil at a constant current, and 
through a feedback resistor to the - input terminal of op- 
erational amplifier 472. A capacitor is coupled between 



the - input terminal of operational amplifier 472 and 
ground. The collector of transistor 478 is coupled to ter- 
minal 156-3 of connector 156. Terminal 158-1 of con- 
nector 156 is coupled to VUNREGulated. Coil 144 Is 
5 coupled across connectors 156-1 and 156-3. The series 
combination of a resistor and a capacitor is also coupled 
across connectors 156-1 and 156-3. A flyback diode is 
also coupled across terminals 156-1 and 156-3. 
[0054] The bar code LED driver circuit 330 which is 

10 associated with photodiode224 includes eight barcode- 
illuminating LEDs 484-1-484-8. The anode of LED 
484-1 is coupled to +5V and its cathode is coupled to 
the Anode terminal of optical switch 486. Optical switch 
486 provides the source and detector for flag 264 to In- 

15 dicate when the strip adapter top and bottom assem- 
blies 130, 132 are closed together. The collector termi- 
nal, C, of optical switch 486 is coupled to InPut terminal 
3 of ASIC 290, and through a load resistor to +5V. The 
cathode terminal, K, of optical switch 486 is coupled 

20 through a load resistor to the collector of a transistor 
490-1, the emitter of which is coupled to ground and the 
base of which is coupled through a resistor to OutPut 
terminal 17 of ASIC 290. The anodes of the remaining 
LEDs 484-2-^84-8 are coupled through a common load 

25 resistance to +5V. The cathodes of LEDs 484-2^184-8 
are coupled to the collectors of transistors 490-2 -490-8, 
respectively. The emitters of transistor 490-2-490-8 are 
coupled to ground. The bases of transistor 490-2-490-8 
are coupled through respective resistors to OutPut ter- 

30 minals 16-10, respectively, of ASIC 290. 

[0055] LEDs 484-1-484-8 are mounted on PCB 114 
and emit light through respective slit openings 204-1- 
204-8, respectively. LED's 484-1 -484-8 are sequential- 
ly energized through transistors 490-1-490-8, respeo- 

35 tivefy. The presence or absence of a bar code in region 
492 of a particular test strip 101 placed in instrument 
1 00 is sensed by transmission of light from a respective 
LED 484-1^184-8 by conduction of photodiode 224. 
This identifies certain test strip 101 lot-specific param- 

40 eters for Instrument 100. 

Industrial Applicability 

[0056] In operation, a sample 514 is deposited in the 
45 test strip 101 sample well 494 over location 210. Radi- 
ation from LED 164, which Is strobed at .25 sec. Inter- 
vals, detected by photodiode 1 66 establishes the dosing 
of strip 101 . START LED 238 is strobed at 50 msec, in- 
tervals until the arrival of the sample 514 at the region 
50 of strip 101 over START LED 238 is established by the 
radiation from START LED 238 detected by photodiode 
242. The flow time of the sample 514 between the sam- 
ple application point at well 494 and the detection of the 
arrival of the sample 514 over the START LED 236 es- 
53 tabflahes the sample 51 4 as blood or a control. The con- 
trol solutions, being less viscous, flow between these 
two locations more rapidly, and this is detected by the 
Instrument 100. The minimum flow time that the instru- 
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mant 100 will interpret as blood and/or the maximum 
flow time that the instrument 1 00 wfll Interpret as control 
can be varied from strip lot to strip lot by changing (a) 
parameter(s) In the useNnsertable EEPROM key 119. 
This relieves the user from the need to indicate to the * 
instrument 100 or otherwise record when a quality con- 
trol check is being conducted. 
[0057] After photodiode 242 has detected the arrival 
of the sample 514 over the START LED 236, the START 
LED 238 is deenergized and the FILL LED 240 is ener- f o 
gized. The next decrease in radiation detected by pho- 
todiode 242 indicates the arrival of the sample 514 over 
the FILL region of the strip 101. The elapsed time be- 
tween detection by photodiode 242 of arrival of the sam- 
ple 514 over START LED 238 and detection by photo- Jff 
diode 242 of arrival of the sample 514 over FILL LED 
240 is used by the instrument 100 to determine whether 
the volume of the sample 514 which was applied is ad- 
equate to conduct a coagulation test. If the instrument 
100 determines that the applied sample 514 volume was 20 
inadequate to conduct a test, the instrument 100 pro- 
vides an error message and returns to its ready state. If 
the instrument 100 determines that the applied sample 
514 volume was sufficient to conduct a coagulation time 
test reliably, FILL LED 240 is deenergized and MAIN as- & 
say LED 244 is energized. Electromagnet 140 is also 
energized and monitoring by photodiode 242 of MAIN 
assay LED 244 radiation begins. Magnet assembly 140, 
when driven by magnet current control circuit 328, stirs 
ferromagnetic particles from the test strip 101 borne by 30 
the sample 514, be it blood or control. The particles re- 
orient themselves along the combined lines of force of 
magnet assembly 140 and bias magnet 154 and provide 
a modulated light transmission profile of the sample. 
This transmission profile, illustrated in Fig. 1 6 at 500, is 35 
detected by photodiode 242 and is multiplexed (DETect- 
-AC1-DC) via multiplexer 332 and A/D 324 into »iC 284. 
Coagulation of the sample causes the reduction in the 
modulation in this transmission profile as described in 
U.S. Patents 4,849,340 and 5,11 0,727. Waveform 500 40 
Is rectified and the envelope 502 of the rectified wave- 
form 500 is formed. 

[0058] To reduce the likelihood of double dosing the 
strip 101 , the ratio of START to FILL time-to-sample ap- 
plication to START time is formed. This ratio is com- 4* 
pared to a parameter provided from key 119. The ratio 
must be less than the parameter. Otherwise the instal- 
ment 100 will conclude that the strip 101 has been dou- 
ble dosed and will generate an error message. Double 
dosing is to be avoided because It can refluidize the fer- so 
ro magnetic particles, producing an erroneous coagula- 
tion time reading. 

[0059] Figs. 17a-b are much-enlarged fragmentary 
longitudinal sectional views of a strip 101 taken along 
section lines 17-17 of Fig. 4. Generally, in the absence 55 
of Dquid blood, a blood traction or control (Fig. 17a), the 
indices of refraction of the strip bottom 506 and top 508 
and the air-fiOed sample volume 510 between them are 



such that the level of light from LED 164 returning to 
photodiode 166 Is relatively higher. This is illustrated at 
region 512 of Fig. 16. A liquid sample 514, be it blood, 
a blood fraction or a control, Is deposited Into the sample 
well 494 of strip 101 and migrates Into region 51 0 of strip 
101 over region 211 of instalment 100. Owing generally 
to the matching of the strip bottom 506's. top 508's and 
liquid 514's indices of refraction and absorption in the 
case of clear liquids, and generally to absorption and 
scattering effects In the case of whole blood, a relatively 
lower light level Is detected by photodiode 166 as Illus- 
trated at region 522 in Fig. 18 when a liquid is present 
on strip 101 adjacent region 211. This optical detection 
scheme permits a clear control to be used. 
[0080] Fig. 1 9 illustrates two waveforms useful in un- 
derstanding the start noise immunization technique em- 
ployed in an instrument according to the present inven- 
tion. It has been experimentally determined that, unless 
provisions are made in instrument 100 to prevent it, in- 
strument 100 can be falsely triggered by negative-going 
noise spikes 526 that are generated during application 
of a sample to a test strip 101. Such spikes 526 are 
caused when the user accidentally taps or moves the 
strip 101 from side to side or in and out of the optics 
assembly 116 during sample application. Such nega- 
tive-going spikes 526 can be greater than the instrument 
1 00's -60mV starting threshold, but are typically shorter 
In duration than the negative-going start signal 528 end 
are preceded or followed Immediately by positive-going 
spikes 530. This is in contrast to the actual Dquid sample 
signal 528 which is only negative-going. This difference 
is used to discriminate effectively between signal 528 
and noise 526, 530. The Instalment 100's START algo- 
rithm discriminates between short (noise) 526, 530 and 
long (start signal) 528 duration signals using negative 
trend, rate of signal change and negative threshold cri- 
teria. The flow of the START algorithm includes the fol- 
lowing illustrative characteristics: three consecutive da- 
ta points sampled 50msec apart must be negative rela- 
tive to a reference and have rates of signal change more 
negative than - 7.3mv750msec (-30 counts of the A/D 
converted Input signal at .243m Wcount) with an abso- 
lute signal change more negative than the -60mV (-246 
counts) instrument 100 start threshold. The parameters 
stored in the EEPROM 119 then would include a signal 
delta of -30 counts and a start threshold of -246 counts. 



Claims 

1 . A system comprising 8n instrument (1 00) for deter- 
mining a coagulation characteristic of blood, or a 
Wood fraction or a control, the instrument (100) 
comprising means (494) for receiving a sample of 
blood, a blood fraction or control the coagulation 
characteristics which is to be determined, in such a 
way that the coagulation characteristic Is exhibited 
by the sample, means (242) for monitoring the sam- 
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pie as the coagulation characteristic is exhibited, 
means (284) for converting a result for the monitor- 
ing of the sample into the characteristic (for exam- 
pie, clotting time), a heater (182) for heating the 
sample and for maintaining the temperature of the s 
sample at about a first temperature and a control 
(322) for controlling the heater (182), the heater 
(182) comprising a heater element (182), means 
(192) for supporting the heater element (182) in 
heat conduction relationship to the sample when to 
the instrument ( 1 00) is in use, means ( 1 88) for mon- 
itoring a temperature of the support means (192), 
means (182, 190) for mounting the means (168) for 
monitoring the temperature of the support means 
(192) adjacent the support means (192), the heater is 
control (322) comprising a first temperature setpoint 
control (426) for controlling the heater (182) to 
maintain the temperature of the sample at about the 
first temperature and a second temperature set- 
point control (SETPolnT2 terminal) for overriding 20 
the first temperature setpoint control (428) to heat 
the sample toward a second temperature means for 
coupling the monitoring means (188) to the heater 
control (322), and means (TH+, TH-) for coupling 
theheaterelement(182)totheheatercontrol(322). 25 

2. The system of claim 1 wherein the instrument (1 00) 
comprises a controller (284) and the second tem- 
perature setpoint control (SETPoinT 2 terminal) 
comprises an output terminal (SETPoinT 2 termi- 3a 
nal) of the controller (284) for providing a signal that 
the support means (192) is to be heated from am- 
bient temperature for determining the coagulation 
characteristic of the sample. 

35 

3. The system of claim 2 wherein the heater control 
(322), the monftDring means (188) and the means 
for coupling the monitoring means (188) to the heat- 
er control (322) together comprise a differential am- 
plifier (426) and a bridge circuit having first (420, *o 
422), second (428, resistor to ground), third (430) 
and fourth (TH+, TH-, 188) bridge legs, the differ- 
ential amplifier (426) including an inverting input ter- 
minal and a non-inverting input terminal, means for 
coupling the inverting input terminal (-) and the first *s 
(420, 422) and second (428, resistor to ground) legs 

of the bridge together, and means for coupGng the 
non-inverting input terminal (+) and the third (430) 
and fourth (TH+, TH-, 188) legs of the bridge togeth- 
er, the second leg (428, resistor to ground) of the so 
bridge including the first temperature setpoint con- 
trol (428) and the fourth leg (TH+, TH-, 188) of the 
bridge Including the means (188) for monitoring the 
temperature of the support means (192). 

55 

4. The system of claim 3 wherein the means (188) for 
monitoring the temperature of the support means 
(192) comprises a temperature sensitive element 



(188). 

5- The system of claim 3 wherein the first tempera- 
tures setpoint control (428) comprises a potentiom- 
eter (428) for setting the temperature at which the 
support means (192) is to be maintained during the 
reaction. 

6. The system of claim 1 wherein the heater element 
(182) and the means for supporting the heater ele- 
ment (182) together comprise an electrically resis- 
tive film pattern (182) supported on a ceramic tile 
(192), the tile (192) having a first surface on which 
the electrically resistive film pattern (182) is provid- 
ed. 

7. The system of claim 6 wherein the ceramic tile (192) 
comprises an aluminum nitride tile (192). 

8- The system of claim 6 wherein the ceramic tile (192) 
comprises a second surface (1 94) opposite the first 
surface, the coagulation characteristic of the sam- 
ple being determined by placing the sample into a 
cuvette (494) having a third surface (506) for bring- 
ing into heat conducting relationship with the seo- 
ond surface (194) of the ceramic tfle (192) prior to 
determination of the characteristic. 

9. The system of claim 8 wherein the means (188) for 
monitoring the temperature of the support means 
(192) comprises a thermistor (188). 

1 0. The system of claim 7 wherein the ceramic tile ( 1 92) 
comprises a second surface (1 94) opposite the first 
surface, the coagulation characteristic of the sam- 
ple being determined by placing the sample into a 
cuvette (494) having a third surface (506) for bring- 
ing into heat conducting relationship with the sec- 
ond surface (194) erf the ceramic tfle (192) prior to 
determination of the characteristic. 

11. The system of claim 10 wherein the means (188) 
for monitoring the temperature of the support 
means (192) comprises a thermistor (168). 

12. The system of claim 6 wherein the instrument (100) 
comprises a controller (284) and the second tem- 
perature setpoint control (SETPoinT 2 terminal) 
comprises an output terminal (SETPoinT 2 termi- 
nal) of the controller (284) for providing a signal that 
the support means (192) is to be heated from am- 
bient temperature for determining the coagulation 
characteristic of the sample. 

13. The system of claim 12 wherein the heater control 
(322), the monitoring means (188) and the means 
(TH+, TH-) for coupling the monitoring means (188) 
to the heater control (322) together comprise a dif- 
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ferential amplifier (426) and a bridge circuit having 
first (420, 422), second (428, resistor to ground), 
third (430) and fourth (TH+, TH-, 188) bridge legs, 
the differential amplifier (426) including an inverting 
Input terminal (-) and a non-inverting Input terminal s 
(+), means for coupling the inverting input terminal 
(-) and the first (420, 422) and second (428, resistor 
to ground) legs of the bridge together, and means 
for coupling the non-inverting input terminal (+) and 
the third (430) and fourth (TH+, TH-, 188) legs of w 
the bridge together, the second leg (428, resistor to 
ground) of the bridge including the first temperature 
setpolnt control (428) and the fourth leg (TH+, TH-, 
188) of the bridge Including the means (188) for 
monitoring the temperature of the support means 16 
(192). 

14. The system of daim 13 wherein the means (188) 
for monitoring the temperature of the support 
means (192) comprises a temperature sensitive el- 20 
ement (188). 

15. The system of claim 13 wherein the first tempera- 
ture setpoint control (428) comprises a potentiom- 
eter (428) for setting the temperature at which the 2* 
support means (192) is to be maintained during the 
reaction. 

16. The system of claim 8 wherein the Instrument (100) 
comprises a controller (284) and the second tern- 30 
perature setpoint control (SETPoInT 2 terminal) 
comprises an output terminal of the controller (284) 

for providing a signal that the support means (192) 
is to be heated from ambient temperature for deter- 
mining the coagulation characteristic of the sample. Jff 

17. The system of claim 16 wherein the heater control 
(322), the monitoring means (1%) and the means 
(TH+, TH-) for coupling the monitoring means (188) 

to the heater control (322) together comprise a drf- <o 
ferential amplifier (426) and a bridge circuit having 
first (420, 422), second (428, resistor to ground), 
third (430) and fourth (TH+, TH-, 188) bridge legs, 
the differential amplifier (426) including an inverting 
input terminal (-) and a non-inverting input terminal ** 
(+), means for coupling the inverting Input terminal 
(-) and the first (420,422) and second (428, resistor 
to ground) legs of the bridge together, and means 
for coupling the non -inverting Input terminal (+) and 
the third (430) and fourth (TH+, TH-, 188) legs of » 
the bridge together, the second leg (428, resistor to 
ground) of the bridge including the first temperature 
setpoint control (428) and the fourth leg (TH+, TH-, 
168) of the bridge including the means (186) for 
monitoring the temperature of the support means ss 
(192). 

18. The system of daim 17 wherein the means (188) 



for monitoring the temperature of the support 
means (192) comprises a temperature sensitive el- 
ement (188). 

1 9. The system of claim 17 wherein the first tempera- 
ture setpoint control (428) comprises a potentiom- 
eter (428) for setting the temperatures at which the 
support means (192) is to be maintained during the 
reaction. 



Patentanspruche 

1. System, umfassend eln instrument (100) zur Be- 
stimmung der Koagulationscharakteristik von Blut 
oder einer Blutfraktion oder einer Kontroile, wobei 
das Instrument (100) eine Einrichtung (494) zur 
Aufnahme einer Blutprobe, einer Blutfraktion oder 
einer KontroOe umfaBt, deren Koegulationscharak- 
terfstika in einer Weise zu bestimmen sind, daft die 
Probe die Koagulationscharakteristik zeigt, eine 
Einrichtung (242) zur Uberwachung der Probe wah- 
rend sich die Koagulationscharakteristik zeigt, eine 
Einrichtung (284) zum Umrechnen eines Oberwa- 
chungsergebnisses in die Charakteristik (zum Bei- 
spiel Gerinnungszeit), eine Heizvorrichtung (162) 
zum Ertiitzen der Probe und zum Halten der Tem- 
peratur der Probe bel etwa einer ersten Temperatur 
und eine Steuerung (322) zum Steuem der Heiz- 
vorrichtung (182), wobel die Heizvorrichtung (182) 
eln Heizelement (182) umfaSt, eine Einrichtung 
( 1 92), urn das Heizelement ( 1 82) in warm eleitender 
Verbindung zur Probe zu halten wenn das Instru- 
ment (100) benutzt wird, eine Einrichtung (188) zur 
Uberwachung der Temperatur der Tragereinrich- 
tung (192), eine Einrichtung (182, 190) zum Befe- 
stigen der Einrichtung (188) zur Oberwachung der 
Temperatur der Tragerelnrichtung (192), die sich di- 
rekt neben der Tragerelnrichtung (192) befindet, 
wobei die Hefzungssteuerung (322) eine Sollwert- 
steuerung (428) fur eine erste Temperatur zur 
Steuerung der Heizvorrichtung (182) umfa&t, um 
die Temperatur der Probe bei etwa der ersten Tem- 
peratur zu halten, und eine Sol rwert steuerung 
(SETPoinT2-Anschtufi) fur eine zwelte Temperatur 
zum AuBerkraftsetzen derSoDwertsteuerung (428) 
fur die erste Temperatur, um die Probe auf eine 
zwelte Temperatur zu erhitzen, eine Einrichtung 
zum Anschiieften der Qberwachungseinrichtung 
(188) an die Heizungssteuerung (322), sowie eine 
Einrichtung (TH+, TH-) zum AnschiieGen des Hei- 
zelemerrts (182) an die Heizungssteuerung (322). 

System nach Anspruch 1, wobei das Instrument 
(100) elnen Controller (264) umfaUt und die Soll- 
wertsteuerung (SETPoinT2-AnschluB) furdie zwel- 
te Temperatur elnen Ausgangsanschluft 
(SETPoInT2-AnschluS) des Controllers (284) un> 
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faSt, urn ein Signal zu liefem, daft die Tragereinrich- 
tung (192) von Umgebun gstemperatur aufgehetzt 
warden soil, um die Koagutationscharakteristik dar 
Probe zu bestimmen. 

5 

3- System nach Anspruch 2, wobei die Heizungs- 
steuerung (322), die Obeiwachungseinrichtung 
(188) und die Einrichtung zum AnschliefSen der 
Uberwachungseinricrrtung (188) an die Heizungs- 
steuerung (322) zusammen einen Differenzverstar- 10 
ker (426) und elne BrOckenschaltung mit ersten 
(420 P 422), zwetten (428, Widerstand auf Erde), 
dritten (430) und vierten (TH+, TH-, 188) BrOcken- 
zwefgen umfassen, wobei der Differenzverstarker 
(426) einen invertierenden EingangsanschluB und ^ 
einen nichtinvertierenden EingangsanschiuR um- 
fafct, eine Einrichtung, um den invertierenden Ein- 
gangsanschlufi (-) und den ersten (420, 422) und 
den zweiten (428, Widerstand auf Erde) Brucken- 
zwelg zusammenzuschalten, und eine Einrichtung, 20 
um den nichtinvertierenden Eingangsanschluli (+) 
und den dritten (430) und vierten (TH+, TH-, 188) 
BrQckenzweig zusammenzuschalten, wobei der 
zweite Brflckenzweig (428, Widerstand auf Erde) 
die Sdlwertsteuerung (428) fur die erste Tempera- 25 
tur urnfafit, und der vierte BrQckenzweig (TH+, TH-, 
188) <fie Einrichtung (168) zur Oberwachung der 
Temperatur der TrSgerelnrichtung (192) umfaftt 

4. System nach Anspruch 3, wobei die Einrichtung 30 
(188) zur Oberwachung der Temperatur der Trage- 
reinrichtung (192) ein temperaturempfindliches 
Element (188) umfa&t. 

5. System nach Anspruch 3, wobei die Sollwertsteue- 35 
rung (428) fur die erste Temperatur ein Potentiome- 
ter (428) zur Einsteiiung der Temperatur urnfafM, bei 
der die Trfigereinrichtung (192) wahrend der Reak- 
tion zu haiten isL 

40 

6. System nach Anspruch 1, wobei das Heizeiement 
(182) und die Einrichtung zum Haiten des Heizeie- 
mants (182) zusammen eine Filmstruktur (182) mit 
eJektrischem Widerstand umfassen, die von einer 
Keramikpiatte (1 92) getragen wird, wobei (fie Platte 
(192) eine erste Oberflache atrfWeist, auf der die 
RImstruktur (182) mit eiektrischem Widerstand be- 
reitgestelltlst 

7. System nach Anspruch 6, wobei die Keramikpiatte 
(192) eine AlurrdniumnHrid-Piatte (192) umfafit. 

8. System nach Anspruch 6, wobei die Keramikpiatte 
(192) eine zweite Oberflache (194) gegenubert le- 
gend der ersten Oberflache umfa&t, wobei die Ko- 55 
aguta^onsdiarakteristik der Probe bestimmt wird 
durch Einbringen der Probe in eine Kuvette (494) 
mft einer dritten Oberflache (506), um eine warme- 



lertende Verbindung mit der zweiten Oberflache 
(194) der Keramikpiatte (192) vor der Bestimmung 
der Charakteristik herzustellen. 

9- System nach Anspruch 8, wobei die Einrichtung 
(188) zur Oberwachung der Temperatur der Trage- 
relnrichtung (192) einen Thermistor (188) umfa&t 

10. System nach Anspruch 7, wobei die Keramikpiatte 
(192) eine zweite Oberflache (194) gegenuberiie- 
gend der ersten Oberflache umfaRt, wobei die Ko- 
agulationscharakteristik der Probe bestimmt wird 
durch Einbringen der Probe in eine KQvette (494) 
mit einer dritten Oberflache (506), um eine wgrme- 
leitende Verbindung mit der zweiten Oberflache 
(194) der Keramikpiatte (192) vor der Bestimmung 
der Charakteristik herzustellen. 

11. System nach Anspruch 10, wobei die Einrichtung 
(188) zur Oberwachung der Temperatur der Trage- 
reinrichtung (192) einen Thermistor (188) urnfa&t. 

12. System nach Anspruch 6, wobei das Instrument 
(100) einen Controller (284) umfaOt und die Soli- 
wertsteuerung (SETPoinT2-Ansch!uB) furdie zwei- 
te Temperatur einen Ausgangsanschlufi 
(SETPoinT2-AnschluR) des Controllers (284) um- 
fafit, um ein Signal zu liefem, daft die Trfigereinrich- 
tung (192) von Umgebungstemperatur aufgeheizt 
warden soli, um die Koagulationscnarakteristik der 
Probe zu bestimmen. 

13. System nach Anspruch 12, wobei die Heizungs- 
steuerung (322), die Oberwachungseinrichtung 
(188) und die Einrichtung (TH+, TH-) zum Anschlie- 
fien der Oberwachungseinrichtung (188) an die 
Helzungssteuerung (322) zusammen einen Diffe- 
renzverstarker (426) und eine BrOckenschaitung 
mit ersten (420, 422), zweiten (428, Widerstand auf 
Erde), dritten (430) und vierten (TH+, TH-, 188) 
Bruckenzweigen umfassen, wobei der Differenz- 
verstarker (426) einen invertierenden Eingangsan- 
schluB (-) und einen nichtinvertieranden Eingangs- 
anschluli (+) urnfafit, eine Einrichtung, um den in- 
vertierenden Eirigangsanschiuft (-) und den ersten 
(420, 422) und den zweiten (428, Widerstand auf 
Erde) BrQckenzweig zusammenzuschalten, und ei- 
ne Einrichtung, um den nichtinvertierenden Ein- 
gangsanscrthjfi (+) und den dritten (430) und vier- 
ten (TH+, TH-, 188) BrQckenzweig zusammenzu- 
schalten, wobei der zweite BrQckenzweig (428, Wi- 
derstand auf Erde) die Soiiwertsteuerung (428) fOr 
die erste Temperatur urnfafit, und der vierte Bruk- 
kenzweig (TH+, TH-, 188) (fie Einrichtung (188) zur 
Oberwachung der Temperatur der Trigarelnrich- 
tung (192) umfafif- 

14. System nach Anspruch 13, wobei die Einrichtung 
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(188) zur Oberwachung der Temperatur der Trage- 
reinrlchtung (192) eln temperaturempfindllches 
Element (188) umfafct. 

15. System nach Anspruch 13, wobei die Sollwert- s 
steuerung (428) fur die erste Temperatur ein Poten- 
tiometer (428) zur Einstellung der Temperatur urn- 
fafit, bel der die Tragerelrtrichtung (192) wahrend 
der Reaktion zu halten let 

10 

16. System nach Anspruch 8, wobel das Instrument 
(100) einen Controller (284) umfa&t und die Soll- 
wertsteuerung (SETPolnT2-Anschluft) fQr die zwel- 
te Temperatur elnen Ausgangsanschlufi des Con- 
trollers (284) umfeBt, urn eln Signal zu liefem, daU w 
die Tragereinrlchtung (1 92) von Umgebungstempe- 
ratur aufgeheizt werden soli, urn die Koagulations- 
charakteristikder Probe zu bestimmen. 

17. System nach Anspruch 16, wobel die Heizungs- 20 
steuerung (322), die Oberwachungseinrichtung 
(188) und die Elnrichtung (TH+, TH-) zum Arschlie- 
Hen der Oberwachungseinrichtung (168) an die 
Heizungssteuerung (322) zusammen einen Diffe- 
renzverstarker (426) und eine Bruckenschaltung 25 
mit ersten (420, 422), zweiten (428, Widerstand auf 
Erde), dritten (430) und vlerten 0~H+, TH-, 188) 
Brflckenzwelgen umfassen, wobel der Differenz- 
verstarker (426) einen Invertlerenden Elngangsan- 
schlufi (-) und einen nichtinvertierenden Eingangs- 30 
anschJufl (+) umfaftt, elne Elnrichtung, urn den In- 
vertierenden Eingangsanschluli (-) und den ersten 
(420. 422) und den zweiten (428, Widerstand auf 
Erde) Bruckenzweig zusammenzuschalten, und ei- 
ne Einrichtung, um den nichtinvertierenden Ein- 35 
gangsanschJufi (+) und den dritten (430) und vler- 
ten (TH+, TH-, 188) BrOckenzwelg zusammenzu- 
schalten, wobel der zweite BrOckenzwelg (428, Wi- 
derstand auf Erde) die Sollwertsteuerung (428) fur 

die erste Temperatur umfeRt, und der vierte Brflk- *o 
kenzweig (TH+, TH-, 188) die Einrichtung (188) zur 
Oberwachung der Temperatur der Tregereinrich- 
tung (192) umfafit 

18. System nach Anspruch 17, wobei die Einrichtung 
(188) zur Oberwachung der Temperatur der Trage- 
relnrichtung (192) eln tempereturempfindliches 
Element (188) umfa&t. 

19. System nach Anspruch 17, wobei die SoDwert- 
steuerung fur die erste Temperatur (428) ein Poten- 
tiometer (428) zur Elnstellung der Tempemturen 
umfaSt, bel denen die Tragereinrichtung (1 92) wah- 
rend der Reaktion zu halten 1st. 



Revendication s 

1 . Systeme comprenant un instrument (100) pour de- 
terminer une caracteristique de coagulation du 
sang ou o°une fraction sanguine ou encore d'un te~ 
moin, I'instrument (100) comprenant un moyen 
(494) pour recevoir un echantiilon de sang, d\ine 
fraction sanguine ou d'un t£motn dont il y a lieu de 
determiner lea caracteristiques de coagulation, de 
teDe sorte que la caracteristique de coagulation est 
manifBstee par I'echantillon, un moyen (242) pour 
surveiller I'echantillon lorsque la caracteristique de 
coagulation se manifeste, un moyen (284) pour 
transformer un resultat de la surveillance de 
I'echantillon en caracteristique (par exemple en 
temps de coagulation), un dispositif de chauffage 
(182) pour chauffer i'echantillon et pour maintenir 
la temperature de I'echantillon a environ une pre- 
miere temperature, ainsi qu\ine oommande (322) 
pour commander le dispositif de chauffage (182), te 
dispositif de chauffage (182) comprenant un ele- 
ment de chauffage (182), un moyen (192) pour sup- 
porter reiement de chauffage (182) en relation de 
conduction de chaleur avec rechantillon lorsqu'on 
utilise Instrument (100), un moyen (188) pour sur- 
veiller la temperature du moyen de support (192) 
en position adjacente au moyen de support (192), 
la commando (322) du dispositif de chauffage com- 
prenant une commando de premiere valeur de con- 
signe de temperature (428) pour commander le dis- 
positif de chauffage (1 82) afin de maintenir la tem- 
perature de I'echantillon a environ la premiere tem- 
perature et une commando de deuxieme valeur de 
consigne de temperature (terminal SETPoinT 2) 
pour outrepasser la commando de la premiere va- 
leur de consigne de temperature (428) afin de 
chauffer I'echantillon a une deuxieme temperature, 
un moyen pour coupler le moyen de surveillance 
(186) a la commande (322) du dispositif de chauf- 
fage et un moyen (TH+, TH-) pour coupler I*ei6ment 
de chauffage (182) a la commande (322) du dispo- 
sitif de chauffage. 

2. Systeme selon la revendication 1 , dans lequel llns- 
trument ( 1 00) oomprend un dispositif de commande 
(284) et la commande de la deuxieme valeur de 
consigne de temperature (terminal SETPoinT 2) 
comprend un terminal de sortie (terminal SETPoinT 
2) du dispositif de commande (284) pour g6nerer 
un signal indiquant que le moyen de support (192) 
doit etre chauffe a parti r de la temperature ambiante 
pour determiner la caracteristique de coagulation 
de I'echantillon. 

3. Systeme selon la revendication 2, dans lequel la 
oommande (322) du dispositif de chauffage, le 
moyen de surveillance (188) et le moyen pour cou- 
pler le moyen de surveillance (188) a la commande 
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(322) du dispositif da chauffage oomprennent en- 
semble un arnplfficateur differential (426) et un 
montage en pont comportant des premiere (420, 
422), deuxieme (428, resistance de mise £ la terre), 
troisieme (430) et qualrffeme (TH+, TH-, 188) bran- 
ches du pent, PampIificateurdifTerentie) (426) englo- 
bant un terminal cf entree inversant et un terminal 
d'entree non inversant, un moyen pour coupler de 
maniere reciproque le terminal d'entree inversant 
(-) et les premiere (420, 422) et deuxieme (428, re- 
sistance de mise a la terre) branches du pont et un 
moyen pour coupler de maniere reciproque le ter- 
minal d'entree non Inversant (+) et les troisieme 
(430) et quatrieme (TH+, TH-, 188) branches du 
pont , la deuxieme branch© (428, resistance de mi- 
se a la terre) du pont englobant la commande de la 
premiere vaieur de consigne de temperature (428) 
et la quatrieme branche (TH+, TH-, 188) du pent 
englobant le moyen (188) pour surveiDer la tempe- 
rature du moyen de support (192). 

4. Systeme selon la revendication 3, dans lequel le 
moyen (188) pour suryefller la temperature du 
moyen de support (102) comprend un element 
(188) sensible a la temperature. 

5. System* selon la revendication 3, dans lequel la 
commande de la premiere vaieur de consigne de 
temperature (428) comprend un potentiometre 
(428) pour regler la temperature a laquelle le moyen 
de support (192) doit fitre malntenu au cours de la 
reaction. 

6. Systeme selon la revendication 1 , dans lequel fele- 
ment de chauffage (1 82) et le moyen pour supporter 
rSlement de chauffage (182) oomprertnent ensem- 
ble un trace en film & resistance eiectrique (182) 
supporte stir un carreau en c6ramique (1 92), le car- 
reau (192) comportant une premiere surface sur la- 
quelle est prevu le trace en film £ resistance eiec- 
trique (182). 

7. Systeme selon la revendication 6, dans lequel le 
carreau en ceramique (192) comprend un carreau 
en nitrure d'alumirrium 0 92 )- 

8. Systeme selon la revendication 6, dans lequel le 
carreau en ceramique (192) comprend une deuxie- 
me surface (194) opposee & la premiere surface, la 
caracteristJque de coagulation de r6chantiDcn etant 
determines en plagant Pechantilbn dans une cuvet- 
te (494) possedant una trotsieme surface (506) des- 
tinee k enrtrer en relation de conduction de chaieur 
avec la deuxieme surface (194) du carreau en ce- 
ramique (192) avant la determination de la caracte- 
ristique. 

9. Systeme selon la revendication 8, dans lequel le 



moyen (188) pour surveiiler la temperature du 
moyen de support (192) comprend un thermistor 
(188). 

5 10. Systeme selon la revendication 7, dans lequel le 
carreau en ceramique (1 92) comprend une deuxie- 
me surface (1 94) opposee a la premiere surface, la 
caracteristique de coagulation de i'fichantinon etant 
determinee en plagant l'6chantillon dans une cuvet- 

10 te (494) possedant une troisieme surface (506) des- 
tirtee £ entrer en relation de conduction de chaieur 
avec la deuxieme surface (194) du carreau en ce- 
ramique (192) avant la determination de la caracte- 
ristique. 

15 

11. Systeme selon la revendication 10, dans lequel le 
moyen (188) pour surveiiler ia temperature du 
moyen de support (192) comprend un thermistor 
(188). 

20 

1 2. Systeme selon la revendication 6, dans lequel (Ins- 
trument (100) comprend un dispositif de commande 
(284) et la commande de la deuxieme vaieur de 
consigne de temperature (terminal SETPoinT 2) 

25 comprend un terminal de sortie (terminal SETPoinT 
2) du dispositif de commande (284) pour g6n6rer 
un signal indiquant que le moyen de support (192) 
doit etre chauffe d partir de la temperature amblante 
pour determiner la caracteristique de coagulation 

so de rechantillon. 

13. Systeme selon la revendication 12, dans lequel la 
commande (322) du dispositif de chauffage, le 
moyen de surveillance (1 88) et le moyen (TH+, TH-) 

35 pour coupler le moyen de surveillance (168) & la 
commande (322) du dispositif de chauffage com- 
prennent ensemble un amplificeieur differential 
(426) et un montage en pent comportant des pre- 
miere (420, 422), deuxieme (428, resistance de mi- 

40 se & la terre), troisieme (430) et quatrieme (TH+, 
TH-, 188) branches du pont, ramplificateur differen- 
tlel (426) englobant un terminal d'entree inversant 
(-) et un terminal (fentree non inversant (+), un 
moyen pour coupler de maniere reciproque le ter- 

45 minal d'entree inversant (-) et les premiere (420, 
422) et deuxieme (428, resistance de mise & la ter- 
ra) branches du pont et un moyen pour coupler de 
maniere reciproque le terminal d'entree non inver- 
sant (+) et les troisieme (430) et quatrieme (TH+, 

50 TH-, 168) branches du pont, la deuxieme branche 
(428, resistance de mise a la terra) du pent englo- 
bant la commande de la premiere vaieur de consi- 
gne de temperature (428) et la quatrieme branche 
(TH+, TH-, 188) du pont englobant le moyen (188) 

ss pour surveiiler la temperature du moyen de support 
(192). 

14. Systeme selon la revendication 13, dans lequel le 
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moyen (188) pour surveiller la temperature du 
moyen de support (192) comprend un element 
(188) sensible a la temperature. 

15. Systeme selon la revendication 13, dans lequel la s 
oommande de la premiere valeur de conslgne de 
temperature (428) comprend un potentiometre 
(428) pour rSgler la tem p6rature h laqueDe le moyen 

de support (192) dolt fitre malntenu au cours de la 
reaction. W 

16. Systeme selon la revendication 8, dans lequel fins- 
trument(IOO) comprend un dlsposltlf decommande 
(284) et la commande de la deuxteme valeur de 
conslgne de temperature (terminal SETPoinT 2) 15 
comprend un terminal de sortie du dispositif de 
commande (284) pour g6n£rer un signal indiquant 
que le moyen de support (192) doit Stre chauffe d 
partir de la temperature ambianta pour determiner 

la caract6risfJque de coagulation de I'echantillon. 20 

17. Systeme selon la revendication 16, dans lequel la 
commande (322) du dispositif de chauffage, le 
moyen de surveillance (1 88) et le moyen (TH+, TH-) 
pour coupler le moyen de surveillance (188) a la 
commande (322) du dispositif de chauffage com- 
prennent ensemble un amplificateur difterentiel 
(426) et un montage en pont comportant des pre- 
miere (420, 422), deuxieme (428, resistance de ml- 

se a la terra), troisieme (430) et quatrieme (TH+, 30 
TH-, 188) branches du pont, r amplificateur dlfferen- 
tiei (426) englobant un terminal (f entree inversant 
(-) et un terminal d'entree non inversant (+), un 
moyen pour coupler de mania re rectproque le ter- 
minal d'entrfie inversant (-) et les premiere (420, 35 
422) et deuxidme (428, resistance de mise £ la ter- 
re) branches du pont et un moyen pour coupler de 
maniere reciproque le terminal d'entree non Inver- 
sant (+) et les troisieme (430) et quatrieme (TH+, 
TH-, 188) branches du pont, la deuxieme branche 
(428, resistance de mise k la terre) du pont englo- 
bant la commande de la premiere valeur de oonsi- 
gne de temperature (428) et la quatrieme branche 
(TH+, TH-, 188) du pont englobant le moyen (188) 
pour surveiller la temperature du moyen de support 
(192). 

18. Systeme selon la revendication 17, dans lequel le 
moyen (188) pour surveiller la temperature du 
moyen de support (192) comprend un dement so 
(186) sensible a la temperature. 

19. Systeme selon ia revendication 17, dans lequel la 
commande de la premiere valeur de cortsigne de 
temperature (428) comprend un potentlomfetre « 
(428) pour regler la temperature a iaqueDe le moyen 

de support (192) doit etre malntenu au cours de la 
reaction. 
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FIG. 3 
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FIG. 6 
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FIG.7A 
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FIG. 8C FIG. 8B 
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